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 ﾠ 1	 ﾠ
Response	 ﾠto	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode:	 ﾠ“Visual	 ﾠtrickery	 ﾠin	 ﾠavian	 ﾠbrood	 ﾠ
parasites”	 ﾠ
	 ﾠ
By	 ﾠScott	 ﾠV.	 ﾠEdwards	 ﾠ
Alternative	 ﾠtitle:	 ﾠGenetics	 ﾠand	 ﾠthe	 ﾠevolutionary	 ﾠhistory	 ﾠof	 ﾠavian	 ﾠbrood	 ﾠ
parasitism	 ﾠ
The	 ﾠtricks	 ﾠthat	 ﾠparasites	 ﾠplay	 ﾠon	 ﾠtheir	 ﾠhosts	 ﾠto	 ﾠgain	 ﾠaccess	 ﾠto	 ﾠreproductive	 ﾠ
opportunities	 ﾠare	 ﾠamong	 ﾠthe	 ﾠmost	 ﾠelaborate	 ﾠand	 ﾠsinister	 ﾠin	 ﾠthe	 ﾠworld	 ﾠof	 ﾠbehavior.	 ﾠ	 ﾠ
As	 ﾠan	 ﾠevolutionary	 ﾠbiologist,	 ﾠI	 ﾠfind	 ﾠthat	 ﾠinstances	 ﾠof	 ﾠvisual	 ﾠmimicry	 ﾠ–	 ﾠof	 ﾠinsects	 ﾠor	 ﾠ
frogs	 ﾠmimicking	 ﾠleaves,	 ﾠfor	 ﾠexample	 ﾠ–	 ﾠoften	 ﾠstretch	 ﾠmy	 ﾠcredulity	 ﾠin	 ﾠthe	 ﾠpower	 ﾠof	 ﾠ
natural	 ﾠselection	 ﾠto	 ﾠhone	 ﾠand	 ﾠrefine	 ﾠthe	 ﾠmimicry	 ﾠto	 ﾠthe	 ﾠsmallest	 ﾠof	 ﾠdetails.	 ﾠ	 ﾠI	 ﾠwonder	 ﾠ
how	 ﾠit	 ﾠcould	 ﾠbe	 ﾠthat	 ﾠmimicry	 ﾠin	 ﾠnature	 ﾠis	 ﾠoften	 ﾠso	 ﾠperfect	 ﾠ–	 ﾠwas	 ﾠthe	 ﾠadvantage	 ﾠof	 ﾠa	 ﾠ
slightly	 ﾠbetter	 ﾠmimic	 ﾠreally	 ﾠso	 ﾠgreat	 ﾠas	 ﾠto	 ﾠrender	 ﾠan	 ﾠimperfect	 ﾠmimic	 ﾠless	 ﾠfit?	 ﾠ	 ﾠAs	 ﾠa	 ﾠ
population	 ﾠgeneticist,	 ﾠI	 ﾠlike	 ﾠto	 ﾠimagine	 ﾠthat	 ﾠgenetic	 ﾠdrift	 ﾠ–	 ﾠan	 ﾠever	 ﾠpresent	 ﾠforce	 ﾠin	 ﾠall	 ﾠ
but	 ﾠthe	 ﾠlargest	 ﾠpopulations,	 ﾠand	 ﾠmost	 ﾠlikely	 ﾠa	 ﾠpermanent	 ﾠfixture	 ﾠof	 ﾠthe	 ﾠgenetics	 ﾠof	 ﾠall	 ﾠ
vertebrates	 ﾠ(along	 ﾠother	 ﾠforces	 ﾠsuch	 ﾠas	 ﾠlinkage	 ﾠof	 ﾠgenes	 ﾠto	 ﾠone	 ﾠanother	 ﾠon	 ﾠ
chromosomes),	 ﾠmust	 ﾠplace	 ﾠconstraints	 ﾠon	 ﾠthe	 ﾠefficacy	 ﾠof	 ﾠnatural	 ﾠselection	 ﾠto	 ﾠ
increase	 ﾠthe	 ﾠmatch	 ﾠbetween	 ﾠmimic	 ﾠand	 ﾠhost.	 ﾠ	 ﾠAfter	 ﾠall,	 ﾠpopulation	 ﾠgenetics	 ﾠand	 ﾠ
behavior	 ﾠcan	 ﾠsometimes	 ﾠbe	 ﾠuneasy	 ﾠbedfellows	 ﾠ–	 ﾠthe	 ﾠone	 ﾠfrequently	 ﾠeschewing	 ﾠ
simple	 ﾠdeterministic	 ﾠscenarios	 ﾠinvolving	 ﾠlinear	 ﾠpaths	 ﾠto	 ﾠadaptation	 ﾠunfettered	 ﾠby	 ﾠ
genetic	 ﾠconstraints,	 ﾠand	 ﾠthe	 ﾠother	 ﾠreveling	 ﾠin	 ﾠthem.	 ﾠ	 ﾠAs	 ﾠan	 ﾠornithologist,	 ﾠhowever,	 ﾠ
the	 ﾠoften	 ﾠunbelievable	 ﾠyet	 ﾠsometimes	 ﾠcontradictory	 ﾠand	 ﾠsurprising	 ﾠoutcomes	 ﾠof	 ﾠ
host-ﾭ‐parasite	 ﾠarms	 ﾠraces	 ﾠcome	 ﾠinto	 ﾠbetter	 ﾠfocus.	 ﾠ	 ﾠBirds	 ﾠare,	 ﾠafter	 ﾠall,	 ﾠexcellent	 ﾠmodel	 ﾠ	 ﾠ 2	 ﾠ
systems	 ﾠfor	 ﾠthe	 ﾠstudy	 ﾠand	 ﾠexperimental	 ﾠmanipulation	 ﾠof	 ﾠbehavior	 ﾠin	 ﾠgeneral	 ﾠand	 ﾠ
nest	 ﾠparasitism	 ﾠin	 ﾠparticular.	 ﾠ	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode’s	 ﾠchapter	 ﾠon	 ﾠvisual	 ﾠ
manipulation	 ﾠof	 ﾠhosts	 ﾠby	 ﾠavian	 ﾠbrood	 ﾠparasites	 ﾠnicely	 ﾠillustrates	 ﾠthe	 ﾠamazing	 ﾠ
diversity	 ﾠof	 ﾠtricks	 ﾠused	 ﾠby	 ﾠparasites	 ﾠto	 ﾠgain	 ﾠaccess	 ﾠto	 ﾠnests	 ﾠand	 ﾠparental	 ﾠbehaviors	 ﾠof	 ﾠ
their	 ﾠhosts,	 ﾠthe	 ﾠvaried	 ﾠresponses	 ﾠof	 ﾠavian	 ﾠhosts	 ﾠto	 ﾠthese	 ﾠparasites,	 ﾠyet	 ﾠhow	 ﾠmuch	 ﾠwe	 ﾠ
still	 ﾠdon’t	 ﾠunderstand	 ﾠabout	 ﾠthese	 ﾠintricate	 ﾠinteractions.	 ﾠ	 ﾠIn	 ﾠparticular,	 ﾠI	 ﾠargue,	 ﾠwe	 ﾠ
need	 ﾠto	 ﾠunderstand	 ﾠthe	 ﾠgenetics	 ﾠof	 ﾠavian	 ﾠbrood	 ﾠparasite	 ﾠadaptations,	 ﾠand	 ﾠtheir	 ﾠ
realization	 ﾠover	 ﾠbroad	 ﾠphylogenetic,	 ﾠtemporal	 ﾠand	 ﾠgeographic	 ﾠlandscapes,	 ﾠin	 ﾠorder	 ﾠ
to	 ﾠbetter	 ﾠunderstand	 ﾠthe	 ﾠdynamics	 ﾠand	 ﾠcontingencies	 ﾠunderlying	 ﾠthese	 ﾠremarkable	 ﾠ
adaptations.	 ﾠ
	 ﾠ The	 ﾠchapter	 ﾠopens	 ﾠwith	 ﾠa	 ﾠgood	 ﾠexample	 ﾠof	 ﾠhow	 ﾠavian	 ﾠparasites	 ﾠutilize	 ﾠ
different	 ﾠstrategies	 ﾠto	 ﾠachieve	 ﾠaccess	 ﾠto	 ﾠhost	 ﾠnests.	 ﾠ(Actually,	 ﾠI	 ﾠvery	 ﾠmuch	 ﾠdislike	 ﾠthe	 ﾠ
anthropomorphic	 ﾠterm	 ﾠ‘strategy’	 ﾠin	 ﾠbiology	 ﾠbut	 ﾠI	 ﾠwill	 ﾠhere	 ﾠand	 ﾠelsewhere	 ﾠlet	 ﾠmy	 ﾠ
guard	 ﾠdown).	 ﾠDespite	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠmost	 ﾠbrood	 ﾠparasites	 ﾠtry	 ﾠto	 ﾠmimic	 ﾠ“harmless	 ﾠor	 ﾠ
inviting”	 ﾠspecies	 ﾠso	 ﾠas	 ﾠto	 ﾠgain	 ﾠaccess	 ﾠto	 ﾠnests	 ﾠ(p.	 ﾠxx),	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode	 ﾠ
point	 ﾠout	 ﾠthat	 ﾠavian	 ﾠparasites	 ﾠsuch	 ﾠas	 ﾠcuckoos	 ﾠfrequently	 ﾠpossess	 ﾠthe	 ﾠplumage,	 ﾠ
morphology	 ﾠand	 ﾠflight	 ﾠbehavior	 ﾠof	 ﾠpredatory	 ﾠspecies	 ﾠsuch	 ﾠas	 ﾠhawks	 ﾠand	 ﾠfalcons,	 ﾠan	 ﾠ
hypothesis	 ﾠfrom	 ﾠnatural	 ﾠhistory	 ﾠobservation	 ﾠthat	 ﾠnow	 ﾠhas	 ﾠexperimental	 ﾠsupport	 ﾠ
(Welbergen	 ﾠand	 ﾠDavies	 ﾠ2011).	 ﾠ	 ﾠOne	 ﾠwonders	 ﾠwhy	 ﾠthe	 ﾠincidence	 ﾠof	 ﾠBatesian	 ﾠmimicry	 ﾠ
–	 ﾠwhen	 ﾠa	 ﾠ(physically)	 ﾠharmless	 ﾠspecies	 ﾠmimics	 ﾠone	 ﾠthat	 ﾠcould	 ﾠcause	 ﾠharm	 ﾠ–	 ﾠis	 ﾠso	 ﾠ
high	 ﾠin	 ﾠthe	 ﾠcuckoos.	 ﾠ	 ﾠIt	 ﾠis	 ﾠintriguing	 ﾠthat	 ﾠthe	 ﾠclade	 ﾠof	 ﾠcuckoos	 ﾠ–	 ﾠnon-ﾭ‐passerine	 ﾠbirds	 ﾠ
with	 ﾠmedium	 ﾠto	 ﾠlarge	 ﾠbody	 ﾠsizes	 ﾠcompared	 ﾠto	 ﾠmany	 ﾠpasserines	 ﾠ–	 ﾠhave	 ﾠsometimes	 ﾠ
converged	 ﾠon	 ﾠpredatory	 ﾠbirds	 ﾠwith	 ﾠsimilar	 ﾠbody	 ﾠsizes.	 ﾠ	 ﾠPerhaps	 ﾠthe	 ﾠmorphological	 ﾠ	 ﾠ 3	 ﾠ
distance	 ﾠthat	 ﾠneeds	 ﾠto	 ﾠbe	 ﾠtraversed	 ﾠby	 ﾠcuckoos	 ﾠin	 ﾠorder	 ﾠto	 ﾠmimic	 ﾠhawks	 ﾠis	 ﾠless	 ﾠthan	 ﾠ
in	 ﾠother	 ﾠclades?	 ﾠ	 ﾠOr	 ﾠare	 ﾠthere	 ﾠa	 ﾠsuite	 ﾠof	 ﾠmutations	 ﾠdeep	 ﾠin	 ﾠthe	 ﾠcuckoo	 ﾠclade	 ﾠthat	 ﾠ
makes	 ﾠsuch	 ﾠvisual	 ﾠmimicry	 ﾠeasier	 ﾠto	 ﾠachieve,	 ﾠeven	 ﾠconvergently	 ﾠacross	 ﾠmultiple	 ﾠ
lineages?	 ﾠ
As	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode	 ﾠpoint	 ﾠout,	 ﾠcuckoos	 ﾠare	 ﾠamong	 ﾠthe	 ﾠbest	 ﾠ
studied	 ﾠavian	 ﾠbrood	 ﾠparasites,	 ﾠproviding	 ﾠexcellent	 ﾠexamples	 ﾠof	 ﾠegg	 ﾠmimicry	 ﾠand	 ﾠ
within-ﾭ‐species	 ﾠegg	 ﾠdiversification,	 ﾠand	 ﾠrecently	 ﾠproviding	 ﾠthe	 ﾠfirst	 ﾠwell-ﾭ‐studied	 ﾠ
example	 ﾠof	 ﾠhost	 ﾠmimicry	 ﾠat	 ﾠthe	 ﾠchick	 ﾠstage	 ﾠ(Langmore	 ﾠet	 ﾠal.	 ﾠ2003;	 ﾠreviewed	 ﾠin	 ﾠ
Langmore	 ﾠand	 ﾠKilner	 ﾠ2010).	 ﾠ	 ﾠFor	 ﾠexample,	 ﾠin	 ﾠthe	 ﾠclassical	 ﾠscenario	 ﾠfor	 ﾠmany	 ﾠcuckoo	 ﾠ
species,	 ﾠselection	 ﾠfor	 ﾠegg	 ﾠmimicry	 ﾠby	 ﾠparasites	 ﾠis	 ﾠdriven	 ﾠby	 ﾠa	 ﾠhistory	 ﾠof	 ﾠhost-ﾭ‐
rejection	 ﾠof	 ﾠconspicuous	 ﾠor	 ﾠoutstanding	 ﾠeggs	 ﾠin	 ﾠthe	 ﾠclutch.	 ﾠ	 ﾠBut	 ﾠsome	 ﾠhost	 ﾠspecies,	 ﾠ
such	 ﾠas	 ﾠSuperb	 ﾠFairy	 ﾠWren	 ﾠ(Malurus	 ﾠcyaneus)	 ﾠappear	 ﾠto	 ﾠbe	 ﾠunable	 ﾠto	 ﾠidentify	 ﾠand	 ﾠ
reject	 ﾠconspicuous	 ﾠeggs	 ﾠwhen	 ﾠplaced	 ﾠin	 ﾠthe	 ﾠnest	 ﾠexperimentally.	 ﾠ	 ﾠSuch	 ﾠobservations	 ﾠ
may	 ﾠmean	 ﾠthat	 ﾠegg	 ﾠmimicry	 ﾠby	 ﾠHorsfield’s	 ﾠBronze-ﾭ‐Cuckoos	 ﾠ(Chalcites	 ﾠbasalis),	 ﾠa	 ﾠ
common	 ﾠparasite	 ﾠof	 ﾠFairy	 ﾠWrens,	 ﾠis	 ﾠdriven	 ﾠnot	 ﾠby	 ﾠhost	 ﾠselection	 ﾠbut	 ﾠby	 ﾠevasion	 ﾠof	 ﾠ
additional	 ﾠcuckoo	 ﾠparasites,	 ﾠwhich	 ﾠoften	 ﾠremove	 ﾠan	 ﾠegg	 ﾠfrom	 ﾠa	 ﾠclutch	 ﾠbefore	 ﾠ
depositing	 ﾠtheir	 ﾠown.	 ﾠ	 ﾠAs	 ﾠLangmore	 ﾠand	 ﾠSpottswoode	 ﾠshow,	 ﾠthe	 ﾠmultiple	 ﾠand	 ﾠoften	 ﾠ
unexpected	 ﾠhypotheses	 ﾠon	 ﾠthe	 ﾠorigins	 ﾠof	 ﾠegg	 ﾠmimicry	 ﾠconstitute	 ﾠa	 ﾠsort	 ﾠof	 ﾠtwo-ﾭ‐sided	 ﾠ
mirror	 ﾠthrough	 ﾠwhich	 ﾠnearly	 ﾠevery	 ﾠadaptation	 ﾠof	 ﾠbrood	 ﾠparasites	 ﾠand	 ﾠtheir	 ﾠhosts	 ﾠ
can	 ﾠbe	 ﾠviewed.	 ﾠ
A	 ﾠuseful	 ﾠperspective	 ﾠon	 ﾠthe	 ﾠspeed	 ﾠand	 ﾠmechanisms	 ﾠby	 ﾠwhich	 ﾠegg	 ﾠmimicry	 ﾠ
arises	 ﾠin	 ﾠbrood	 ﾠparasites	 ﾠcomes	 ﾠfrom	 ﾠmolecular	 ﾠmethods.	 ﾠ	 ﾠSeveral	 ﾠspecies	 ﾠof	 ﾠcuckoo	 ﾠ	 ﾠ 4	 ﾠ
exhibit	 ﾠhost	 ﾠraces,	 ﾠor	 ﾠ‘gentes’,	 ﾠdifferentiated	 ﾠforms	 ﾠthat	 ﾠlay	 ﾠdistinct	 ﾠegg	 ﾠtypes	 ﾠthat	 ﾠ
closely	 ﾠmatch	 ﾠeggs	 ﾠof	 ﾠtheir	 ﾠhosts.	 ﾠ	 ﾠSuch	 ﾠforms	 ﾠare	 ﾠhypothesized	 ﾠto	 ﾠbe	 ﾠdifferentiated	 ﾠ
at	 ﾠgenes	 ﾠunderlying	 ﾠegg	 ﾠcolor	 ﾠand	 ﾠpossibly	 ﾠother	 ﾠtraits	 ﾠassociated	 ﾠwith	 ﾠparasitism.	 ﾠ	 ﾠ
Indeed,	 ﾠsuch	 ﾠgentes	 ﾠhave	 ﾠbeen	 ﾠshown	 ﾠto	 ﾠexhibit	 ﾠmild	 ﾠgenetic	 ﾠdifferentiation	 ﾠin	 ﾠ
maternally	 ﾠinherited	 ﾠmtDNA	 ﾠin	 ﾠsome	 ﾠpopulations	 ﾠof	 ﾠcuckoos	 ﾠand	 ﾠin	 ﾠindigobirds,	 ﾠthe	 ﾠ
latter	 ﾠamong	 ﾠclosely	 ﾠrelated	 ﾠparasitic	 ﾠspecies	 ﾠ(reviewed	 ﾠin	 ﾠSorenson	 ﾠand	 ﾠPayne	 ﾠ
2002).	 ﾠ	 ﾠStill,	 ﾠthe	 ﾠextent	 ﾠof	 ﾠdifferentiation	 ﾠin	 ﾠmtDNA	 ﾠis	 ﾠnot	 ﾠlarge	 ﾠand	 ﾠdoes	 ﾠnot	 ﾠ
approach	 ﾠthe	 ﾠpattern	 ﾠof	 ﾠfixed	 ﾠgenetic	 ﾠdifferences	 ﾠthat	 ﾠthe	 ﾠegg	 ﾠcolors	 ﾠthemselves	 ﾠ
imply.	 ﾠ	 ﾠPhylogeographic	 ﾠpatterns	 ﾠsuch	 ﾠas	 ﾠthese	 ﾠsuggest	 ﾠthat	 ﾠthe	 ﾠevolution	 ﾠof	 ﾠcuckoo	 ﾠ
gentes	 ﾠhas	 ﾠproceeded	 ﾠrapidly	 ﾠand	 ﾠthat	 ﾠno	 ﾠstable	 ﾠassociations	 ﾠbetween	 ﾠparasite	 ﾠand	 ﾠ
host	 ﾠexist	 ﾠin	 ﾠsome	 ﾠspecies,	 ﾠincluding	 ﾠHorsfield’s	 ﾠBronze-ﾭ‐Cuckoo	 ﾠ(Joseph	 ﾠet	 ﾠal.	 ﾠ2002).	 ﾠ	 ﾠ
This	 ﾠconclusion	 ﾠin	 ﾠturn	 ﾠsuggests	 ﾠthat	 ﾠthe	 ﾠintricate	 ﾠhost-ﾭ‐parasite	 ﾠinteractions	 ﾠand	 ﾠ
multiple	 ﾠrounds	 ﾠof	 ﾠco-ﾭ‐evolution	 ﾠhypothesized	 ﾠby	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode	 ﾠto	 ﾠ
occur	 ﾠin	 ﾠmany	 ﾠavian	 ﾠbrood	 ﾠparasite	 ﾠsystems	 ﾠhave	 ﾠarisen	 ﾠvery	 ﾠrapidly	 ﾠand	 ﾠrecently,	 ﾠ
and	 ﾠmay	 ﾠnot	 ﾠpersist	 ﾠfor	 ﾠlong	 ﾠperiods	 ﾠbefore	 ﾠbeing	 ﾠobliterated	 ﾠby	 ﾠenvironmentally	 ﾠ
contingent	 ﾠdemographic	 ﾠor	 ﾠgeographic	 ﾠshifts	 ﾠin	 ﾠhost	 ﾠor	 ﾠparasite.	 ﾠ	 ﾠGiven	 ﾠthis	 ﾠ
potentially	 ﾠshort	 ﾠtime	 ﾠframe,	 ﾠone	 ﾠwonders	 ﾠwhether	 ﾠlearning	 ﾠor	 ﾠsome	 ﾠtype	 ﾠof	 ﾠcultural	 ﾠ
evolution	 ﾠcould	 ﾠfacilitate	 ﾠthe	 ﾠrapid	 ﾠspread	 ﾠof	 ﾠparasite-ﾭ‐rejection	 ﾠby	 ﾠsome	 ﾠhosts.	 ﾠ	 ﾠ
Reviewing	 ﾠthe	 ﾠevidence	 ﾠand	 ﾠmodels,	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode	 ﾠsuggest	 ﾠthat	 ﾠa	 ﾠrole	 ﾠ
for	 ﾠlearning	 ﾠin	 ﾠthe	 ﾠevolution	 ﾠof	 ﾠparasite	 ﾠrejection	 ﾠis	 ﾠlikely	 ﾠsmall	 ﾠand	 ﾠwould	 ﾠwork	 ﾠonly	 ﾠ
under	 ﾠa	 ﾠrestricted	 ﾠset	 ﾠof	 ﾠevolutionary	 ﾠparameters,	 ﾠincluding	 ﾠlow	 ﾠhost	 ﾠchick	 ﾠsurvival.	 ﾠ	 ﾠ
Still,	 ﾠthe	 ﾠprecise	 ﾠfitness	 ﾠloss	 ﾠexperienced	 ﾠby	 ﾠhosts	 ﾠunder	 ﾠparasitism	 ﾠcan	 ﾠbe	 ﾠa	 ﾠcomplex	 ﾠ	 ﾠ 5	 ﾠ
function	 ﾠof	 ﾠmany	 ﾠdemographic	 ﾠparameters	 ﾠ(Servedio	 ﾠand	 ﾠHauber	 ﾠ2006),	 ﾠand	 ﾠfurther	 ﾠ
studies	 ﾠon	 ﾠthe	 ﾠrole	 ﾠof	 ﾠlearning	 ﾠin	 ﾠhost	 ﾠrejection	 ﾠare	 ﾠclearly	 ﾠneeded.	 ﾠ
With	 ﾠits	 ﾠstrictly	 ﾠmaternal	 ﾠinheritance	 ﾠin	 ﾠbirds	 ﾠand	 ﾠother	 ﾠvertebrates,	 ﾠmtDNA	 ﾠ
is	 ﾠa	 ﾠuseful	 ﾠproxy	 ﾠfor	 ﾠthe	 ﾠgenes	 ﾠunderlying	 ﾠegg	 ﾠcolor,	 ﾠespecially	 ﾠif	 ﾠthe	 ﾠavian	 ﾠW	 ﾠ
chromosome,	 ﾠwith	 ﾠwhich	 ﾠmtDNA	 ﾠis	 ﾠeffectively	 ﾠlinked	 ﾠin	 ﾠbirds,	 ﾠis	 ﾠinvolved.	 ﾠ	 ﾠStill,	 ﾠwith	 ﾠ
its	 ﾠlack	 ﾠof	 ﾠfrequent	 ﾠrecombination	 ﾠfor	 ﾠmuch	 ﾠof	 ﾠits	 ﾠlength	 ﾠin	 ﾠbirds,	 ﾠthe	 ﾠW	 ﾠ
chromosome	 ﾠmay	 ﾠnot	 ﾠbe	 ﾠthe	 ﾠwhole	 ﾠstory	 ﾠbehind	 ﾠvariation	 ﾠin	 ﾠegg	 ﾠcoloration	 ﾠof	 ﾠbrood	 ﾠ
parasites	 ﾠand	 ﾠgenetic	 ﾠinteractions	 ﾠwith	 ﾠautosomal	 ﾠloci	 ﾠhave	 ﾠbeen	 ﾠhypothesized	 ﾠ
(Sorenson	 ﾠand	 ﾠPayne	 ﾠ2002).	 ﾠ	 ﾠRecently,	 ﾠa	 ﾠpolymorphic	 ﾠpopulation	 ﾠof	 ﾠcuckoo	 ﾠgentes	 ﾠ
was	 ﾠshown	 ﾠto	 ﾠexhibit	 ﾠmild	 ﾠbut	 ﾠsignificant	 ﾠdifferentiation	 ﾠat	 ﾠautosomal	 ﾠ
microsatellites	 ﾠ(Fossoy	 ﾠet	 ﾠal.	 ﾠ2011).	 ﾠ	 ﾠGiven	 ﾠthe	 ﾠbias	 ﾠtoward	 ﾠlow	 ﾠestimates	 ﾠof	 ﾠ
differentiation	 ﾠ(such	 ﾠas	 ﾠFst)	 ﾠfor	 ﾠhighly	 ﾠpolymorphic	 ﾠmicrosatellites	 ﾠas	 ﾠcompared	 ﾠto	 ﾠ
sequence-ﾭ‐based	 ﾠmarkers	 ﾠ(Charlesworth	 ﾠ1998;	 ﾠBrito	 ﾠand	 ﾠEdwards	 ﾠ2009),	 ﾠdetecting	 ﾠ
such	 ﾠdifferentiation	 ﾠamong	 ﾠsuch	 ﾠclosely	 ﾠrelated	 ﾠpopulations	 ﾠis	 ﾠindeed	 ﾠa	 ﾠfeat,	 ﾠand	 ﾠ
bodes	 ﾠwell	 ﾠfor	 ﾠfuture	 ﾠgenomic	 ﾠstudies	 ﾠaimed	 ﾠat	 ﾠfinding	 ﾠthe	 ﾠgenes	 ﾠunderlying	 ﾠegg	 ﾠ
shell	 ﾠcoloration	 ﾠand	 ﾠother	 ﾠadaptations	 ﾠof	 ﾠavian	 ﾠbrood	 ﾠparasites	 ﾠ(Yuan	 ﾠand	 ﾠLu	 ﾠ2007).	 ﾠ	 ﾠ	 ﾠ
	 ﾠ And	 ﾠto	 ﾠbe	 ﾠsure,	 ﾠthe	 ﾠmapping,	 ﾠsequencing	 ﾠand	 ﾠevolutionary	 ﾠstudy	 ﾠof	 ﾠthese	 ﾠstill	 ﾠ
hypothetical	 ﾠbrood	 ﾠparasite	 ﾠand	 ﾠhost	 ﾠresponse	 ﾠgenes	 ﾠis	 ﾠof	 ﾠgreat	 ﾠrelevance	 ﾠto	 ﾠthe	 ﾠ
study	 ﾠof	 ﾠavian	 ﾠbrood	 ﾠparasitism.	 ﾠ	 ﾠAs	 ﾠwith	 ﾠany	 ﾠbehavioral	 ﾠor	 ﾠmorphological	 ﾠ
adaptation,	 ﾠunderstanding	 ﾠthe	 ﾠgenetic	 ﾠbasis	 ﾠcan	 ﾠclarify	 ﾠa	 ﾠlot	 ﾠabout	 ﾠhow	 ﾠand	 ﾠwhen	 ﾠ
the	 ﾠadaptation	 ﾠarose	 ﾠin	 ﾠa	 ﾠparticular	 ﾠlineage,	 ﾠhow	 ﾠit	 ﾠco-ﾭ‐evolves	 ﾠwith	 ﾠother	 ﾠtraits	 ﾠand	 ﾠ
how	 ﾠit	 ﾠis	 ﾠmaintained	 ﾠand	 ﾠpotentially	 ﾠlost	 ﾠover	 ﾠtime:	 ﾠthink	 ﾠof	 ﾠthe	 ﾠmarvelous	 ﾠwork	 ﾠon	 ﾠ	 ﾠ 6	 ﾠ
the	 ﾠgenetics	 ﾠof	 ﾠsocial	 ﾠbehavior	 ﾠin	 ﾠDictostylium	 ﾠ(Sucgang	 ﾠet	 ﾠal.	 ﾠ2011).	 ﾠ	 ﾠI	 ﾠnever	 ﾠdid	 ﾠ
adhere	 ﾠto	 ﾠa	 ﾠstrict	 ﾠinterpretation	 ﾠof	 ﾠPaul	 ﾠSherman’s	 ﾠ(1988)	 ﾠfamous	 ﾠfour-ﾭ‐fold	 ﾠ
distillation	 ﾠof	 ﾠthe	 ﾠsources	 ﾠof	 ﾠadaptations,	 ﾠinvolving	 ﾠevolutionary	 ﾠorigins,	 ﾠontogenetic	 ﾠ
processes,	 ﾠmechanisms	 ﾠand	 ﾠfunctional	 ﾠconsequences,	 ﾠbecause	 ﾠI	 ﾠview	 ﾠthese	 ﾠfour	 ﾠ
levels	 ﾠas	 ﾠso	 ﾠinextricably	 ﾠlinked	 ﾠ–	 ﾠpotentially	 ﾠgenetically	 ﾠ-ﾭ‐	 ﾠas	 ﾠto	 ﾠmake	 ﾠtheir	 ﾠclean	 ﾠ
separation	 ﾠnearly	 ﾠimpossible,	 ﾠparticularly	 ﾠwhen	 ﾠone	 ﾠtries	 ﾠto	 ﾠquantify	 ﾠthese	 ﾠaspects	 ﾠ
of	 ﾠadaptation.	 ﾠ	 ﾠThis	 ﾠis	 ﾠwhy	 ﾠunderstanding	 ﾠthe	 ﾠgenomics	 ﾠof	 ﾠbrood	 ﾠparasitism	 ﾠwill	 ﾠbe	 ﾠ
helpful	 ﾠfor	 ﾠinterpreting	 ﾠhost	 ﾠand	 ﾠparasite	 ﾠbehavior,	 ﾠhowever	 ﾠdistant	 ﾠthat	 ﾠgoal	 ﾠis.	 ﾠ	 ﾠBy	 ﾠ
elucidating	 ﾠthe	 ﾠgenetic	 ﾠmechanisms	 ﾠunderpinning	 ﾠthe	 ﾠmany	 ﾠbrood	 ﾠparasitic	 ﾠ
adaptations	 ﾠand	 ﾠhost	 ﾠresponses	 ﾠdiscussed	 ﾠby	 ﾠLangmore	 ﾠand	 ﾠSpottiswoode,	 ﾠthey	 ﾠwill	 ﾠ
help	 ﾠus	 ﾠmake	 ﾠsense	 ﾠof	 ﾠ–	 ﾠindeed,	 ﾠquantify	 ﾠ-ﾭ‐	 ﾠtheir	 ﾠevolutionary	 ﾠhistory,	 ﾠconstraints	 ﾠand	 ﾠ
contingencies,	 ﾠthereby	 ﾠmaking	 ﾠall	 ﾠthe	 ﾠmore	 ﾠrealistic	 ﾠour	 ﾠevolutionary	 ﾠscenarios	 ﾠof	 ﾠ
these	 ﾠwildly	 ﾠdiverse	 ﾠtraits.	 ﾠ	 ﾠ
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